THIS  PAGE  IS  UNCLASSIFIED 


REPRODUCTION  QUALITY  NOTICE 


This  document  is  the  best  quality  available.  The  copy  furnished 
to  DTIC  contained  pages  that  may  have  the  following  quality 
problems: 

•  Pages  smaller  or  larger  than  normal. 

•  Pages  with  background  color  or  light  colored  printing. 

•  Pages  with  small  type  or  poor  printing;  and  or 

•  Pages  with  continuous  tone  material  or  color 
photographs. 

Due  to  various  output  media  available  these  conditions  may  or 
may  not  cause  poor  legibility  in  the  microfiche  or  hardcopy  output 
you  receive. 


I _ I  If  this  block  is  checked,  the  copy  furnished  to  DTIC 

contained  pages  with  color  printing,  that  when  reproduced  in 
Black  and  White,  may  change  detail  of  the  original  copy. 


Tnclsrsified 


§  :'-V  «>£  ifrf.%  fca^  ##  £s«?  !*£$?&>.£  .rssizf-sii&s  sms#  &s  tt*#?*?*?***  gj»  <MW6^  fflgflsf  At  .c^TSfSjaj!^ 

iL*3§KiffiAT!?^^«  f--r- --i  -  ■'■- *"■“*“"'■ 

..  Balt  Bsraach  sad  Estfsaa  Inc.  ,  .  I  tnclaaslfiad  -  : 

:■  Css&rldgOt  licssachuastts  02133  ."  ja  «»ou» 


3.  ma**oMT  Tins 


The  Cse  of  Reflectors  to  Shape  a  Sound  Field 


4.  PCtCRI.TI  VC  MOTS*  f7>p»  • f  Xpert  Mm4  tMtotfl  OMi; 

Final  -  January  69  to  Kareih  70 


•*  *U  TMOMISl  ffIMf  MM*  mi&siim  UUU*U  U*t  fl«Mj 

;  Jerome  R..,Kaatiing  '  ' ;:  /  i: 

Jsec3  A.  tbora 


wsmr  dats 


U.  CONTRACT  OR  6RANTKO. 


A.  RROJCCT  MO.  4437 


todi  1571 


*  .  F33Sl5-S$-€-13S4 


a,  TOTAL  MO.  GP 


7*.  MO*  07  ftS?t 

17 


SOW  «&**$»  A  ?©&*£  &2*©*T  ttUttft£A2S| 


BStl  1969 


«*  Task  Roe  443701 


to.  OtaTRIOMTfOM  STAT4SMSHT 


m.  ksvM  f.!sy  fisrocp  to mtai&esal 

tarn**  s-70-97 


This  docuaant  Is  schject  to  special  assort  controls  end  each  trccsaittsl  to 
foreign  gover&sssts  or  foreign  nationals  tzsy  be  cade  only  with  prior  approval 
of  tmz  (F2>  m»,'o bio. 


It.  IU..Ltll!UTMT  NOTE* 


is.  *s>c#*ss»:s  tauraav  activity  . 


Air  Force  Flight  Ejssasica  Laboratory 
;  Fright-Psttsrsea  AES,  Cbio  45533  . 


The  use  of  reflectors  to  control  tbs  distribution  of  *2sa  Sound 
Pressor®  Level  (STL)  la  sonic  test  chafers  is  iavs-stigstad.  Tbs  goal 
is  to  obtain  core  realistic  S?L  distrlbufcioaa  ea  tbs  fcs-at  object.  ■  It 
is'  ccacledad  that  fee  cse  of  reflectors  will  not  icsreacs  tbs  8FL  oa  - 
s  test  cojeet  unless  the  reflector  sad  test  object  era  in  die  soar  field 
of  fits  scaid  gsserators.  the  results  of  tfes  etafy  era  t$pli&4  to  the 
Air  Force  Flight  ^assies  tabors Cory’s  .(4JSS.)  Sonic  FatSgsc  Facility 
st  Vrigh t-Pattersoa  Mr.  Fores  Base.  Cesigs  charts  era  presented  that 
relate  predicted  S?L  distributions  to  reflector  else  end  positioning. 


**ihs  wsmsenos  of  this  abstsss*  is  g&eots? ' 


©BClflSSifiSd 

— r^aageesaaaa 

- 


i'j*  •*  “ '  *-‘~-'la  A'  x  4fc.4w5»'*(iC*t*»*.' 


sv.  .Ufcji  *' 


‘V  4*,  hwv-  ’  •*•<*  ■ 


FOHEM0&0 


l%ls  report  was  prepared  by  Bolt  Beransk  and  Newsan  Inc., 
Cambridge,  Massachusetts  for  the  Aero-Acoustics  Branch,  Vehicle 
Dynamics  Division,  Air  Force  Flight  Dynamics  Laboratory,  Wright - 
Patterson  Air  Force  Base,  Ohio,  under  Contract  F33615-69-C-13S4. 
The  research  described  herein  was  conducted  under  Project  4437, 
"High  Intensity  Sound  Environment  Simulation  for  Air  Force  Sys¬ 
tems  Testing";  Task  443701,  "Sonic  Facility  Development  for  Air 
Force  .Systems  Testing".  Mr.  Carl  L.  Rupert  of  the  Vehicle  Dy¬ 
namics  Division  was  the  Project  Engineer. 

-  This  report  covers  a  work  period  from  January  15-69  through 
-•-.March  1970.  The  manuscript  of  this  document  was  released  by  the 
authors  in  June  1970  for  publication  as  an .  AFFBL  Technical  Report. 

This  report  has  been  reviewed  and  approved. 


.<  ,;f£\  v  **• 

Asst,  ffcr  Research  &  Technology 
Vshlsle  Dynamics  Dlviclcn 


The  use  of  reflectors  to  control  the  distribution  of  the 
Sound  Pressure  Level  (SPL)  In  sonic  test  chambers  Is  investigated. 
The  goal  is  to  obtain  sore  realistic  SPL  distributions  on  the  test 
object.  Zt  is  concluded  that  the  use  of  reflectors  will  not  in¬ 
crease  the  SPL  on  a  test  object  unless  the  reflector  and  test  ob¬ 


ject  are  In  the  near  field  of  the  sound  generators.  The  results 
of  the  study  are  applied  to  the  Air  Force  Flight  Dynamics  Labora¬ 
tory's— (AFFDL)  Sonic  Fatigue  Facility  at  Wright-Patterson  Air 
Force  Base.  Design  charts  are  presented  that  relate  predicted 
SPL  distributions  to  reflector  else  and  positioning. 
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Kany  studies  of  the  effects  of  an  intense  sonic  environment 
on  aircraft  structures  and  components  are  being  conducted  in 
sonic  fatigue  facilities.  These  studies  are  often  hindered  by 
limitations  in  simulating  actual  sonic  environments .  This  report 
considers  the  potential  uses  of  acoustic  reflectors  in  shaping  a 
sound  field  in  acoustic  test  chambers  in  order  to  simulate  better 
the  actual  sonic  environment  encountered  by  operational  aircraft. 

Sonic  fatigue  facilities  have  sound  sources  capable  of  gen¬ 
erating  controlled  sound  output  at  pressure  levels  equal  to  those 
.encountered  in  actual  environments.  The  principal  problem  that 
remains  in  simulating  the  sonic  environment  is  to  obtain  the  cor¬ 
rect  distribution  of  sound  pressure  level  (S?I»)  on  the  test  ob- 
Ject  'r  ;  For  esasple,  SPL's  on  the  bottom  surface  of  an  aircraft 
horizontal  stabiliser  may  be  10  &3  higher  than  the  levels  on  the 
top  surface.  A  realistic  test  requires  acoustic  field  shaping  to 
obtain  this  distribution  of  S?L.  The  second  basic  problem  that 
remains  in  simulating  the  actual  sonic  environment  is  to  obtain 
the  correct  directional  properties  of  the  sound  field.  The  di¬ 
rectionality  of  the  field  determines  the  spatial  correlation  pat¬ 
tern  on  the  surface  of  the  test  object,  and  thereby  its  response. 
At  the  present  time,  measurements  of  the  spatial  correlation  pat- 
tem  in  an  .actual  environment  are  not  generally  available. 
Therefore,  field  shaping  to  obtain  the  correct  directionality  of 
the  acoustic  field  can  only  be  accomplished  in  a  qualitative  way. 

,_-';l^Pield  shaping  is  presently  -  accomplished  by  programming  the 
number  and  combination  of  noise  generators  used,  by  positioning 
mobile  noise  generators,  by  selective  use  ©f  aneehoic  treatment, 
and  by  Judicious  location  of  the  test  object.  However,  the 
amount  of  field  shaping  that  can  be  obtained  using  these  methods 
is  not  always  sufficient  to  simulate  actual  environments.  Mors 
field  shaping  could  be  obtained  by  use  of  a  larger  number  of 
sound ;  sources .  But  this  approach  would  be  expensive  and  would  ' 
require  enlargement  of  the  control  system  complex  to  the  extent 
that  sufficient  space  surrounding  the  structure  would  not  be 
available.: 

The  use  of  reflectors  to  shape  the  acoustic  field  seems 
promising.  A  simple  4  ft  *  4  ft  aluminum  panel  serves  as  a  sat¬ 
isfactory  reflector  of  sound  waves  with  frequencies  above  100  Hz. 
In  using  such  a  reflector,  it  is  necessary  only  to  position  it 
correctly  relative  to  the  sound  sources  and  the  te3t  object.  Ho 
controls,  supply  lines,  drive  systems,  or  heavy  supports  are 
needed. 


1 


An  acoustic  reflector  can  be. used  in  basically  three  ways. 
First,  It  can  be  used  to  reflect  sound  waves  cosing  from  the 
source  onto  the  test  object,  as  shewn  in  Fig.  1.  Second,  it  can 
be  U3ed  to  reflect  sound  waves  away  from  the  test  object,  thereby 
shielding  it  frem  an  intense  sonic  environment.  The  use  of  a  re¬ 
flector  for  this  purpose  is  shown  in  Fig.  2.  A  third  way  in  which 
an  acoustic  reflector  can  be  used  is  to  place  it  close  to  the  test 
object,  thereby  forming  a  resonant  cavity.  The  sound  pressure 
levels  in  the  cavity  will  exceed  those  in  the  surrounding  acous¬ 
tic  field  at  the  resonant  frequencies  of  the  cavity.  The  use  of 
a  reflector  to  form  a  resonant  cavity  is  shown  in  Fig.  3» 


There  are,  of  course,  limitations  in  the  use  of  acoustic  re¬ 
flectors  to  shape  sound  fields.  It  is  easy  to  overestimate  the 
effectiveness  of  a  reflector  on  the  basis  of  familiar  effects  ob¬ 
tained  with  optical  reflectors.  Acoustic  reflectors,  unlike  opti¬ 
cal  reflectors,  are  comparable  to  or  only  slightly  larger  than  an 
acoustic  wavelength.  Consequently,  much  if  not  all  of  their  use¬ 
ful  effects  will  be  associated  with  highly  complex  wave  phenomena 
rather  than  the  relatively  simple  geometric  effects  commonly  valid 
for  optical  systems.  v 


A  reflector  used  to  reflect  sound  waves  onto  a  test  object 
can  be  flat  or  curved.  With  a  curved  reflector,  some  focusing  of 
the  acoustic  energy  occurs.  However,  the  effect  is  not  as  strong 
as  commonly  encountered  in  optics  since  the  acoustic  wavelength 
is  comparable  to  the  size  of  the  reflector.  The  amount  of  focus¬ 
ing  that  can  be  obtained  with  a  curved  reflector  is  given  by  the 
equation  [I 3 


fPr,max^  „  vd2 


1KT 


(i) 


where  |Pr  x(  is  the  maximum  pressure  amplitude  of  the  reflected 

field.  is  the  pressure  amplitude  of  an  incident  plane  wave, 

d  is  the  diameter  of  the  reflector,  F  is  the  focal  length,  and 
X,  is  the  acoustic  wavelength. 

In  this  report  we  have  limited  our  consideration  to  the  use 
of  flat,  rectangular  panels  as  acoustic  reflectors.  The  use  of  a 
flat  reflector  to  reflect  sound  waves  onto  a  test  object  in  a 
diffuse  field  will  produce  no  significant  effect.  At  any  point 
in  a  diffuse  field,  equal  acoustic  energy  comes  from  all  direc¬ 
tions.  Therefore,  the  reflector  deflects  as  much  energy  away  from 
the  test  object  as  towards  it.  The  use  of  an  acoustic  reflector 
as  a  mirror  is  limited  to  the  direct  field  where  the  acoustic 
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.The  theory  for  shadow  for~.~ti.erz behind  'the  refl: 
worked  out  in  this  report.  .  However, ' tfee'snss  appros: 
niquss  would  be  valid. '  Vibrations-  of  the  reflector.- i 
significant  effect  on  the  sound  pressure  level  in  th< 


4* -s*i."T  r-v ^ 

< -..  ■!  -Jj  i»-  --  ir’vi'Wil 
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In  JSec . ;  III  of  this  'report *  an  exper-iiasntrl  presents 'la  .cut-'  - 
■lined.  The  purpose ":bf  this  pro^ras-'ls.  to  obtain  iT:  ts'  srjpnrt 

tisX'-S?  jlCicL-L  **  4V  -’-h  G.tT-*0  ’Vv?  w';:? 

jT'X&'C  tf  C-X*  i;-  *-*.  k'v  ■; ‘tjs"-  *.  \"V  '!  ••.'•- 

tion  of  .  a;  pure  'teh$  is.  c-i&pijfsd'  ui&h  £at&  iro*.  i'if ..  3  -^id  •',': 

data  taken,  in  ckr^m-  ejjperisrohtc'.'  \2Si  fell  c*ses4 '  t.Jit- ' $2?££?&&$ : :• 
betv»;esn'.  theory  and  esperijaxit .'  is  . Sufficient ;  ti? $j  tin  ;  '  of 

the  theory  .  ■.  Experiments  ,Ker®  •  conducted  "Kith,  very  tlidn:  trefleotbrs 
to  deteriaine  the'  effect .  of  reflected  vibrations  cn  ths  raflestsd 
field.  Mo  effect  was  found.'  A  seeond'Sat  cf -'esprriiva-vits  trie':  .-,.-. 
conducted  to  study  the  inte-^sation  of  tie  test  ekje«t  and  -the.  re¬ 
flector.  ;.'•&  test  structure  .  was  fabricated  and  a  •  su-'s-Xl-'  raf lector '' 
was  placed  over  tha  structure.  '-So njid  .pressure  lor&Xs  .^ith-,sii3  =■ 
without  the  .reflector  were  ..measured.  -'Alsos  vibration.  'IsvSis^tjSrO  . 
taken.  ^Resonant  buildup  of  ths  sound  prsesurs  level- . was' ^foutsdi  at 
specific  resonant  frequencies .  Eoi^e-v sr>  the  ^  viaraticu  ‘did  nst  - 
change'  appreciably.  'v: This  is-.dfeoy  in  'p^rfc 5  to' '.the- 'fact  'that- tb©'.  •"■•- 
prosisity  of  the  reflector  affects  '  the  : viforatienal ..behavior. .6* 
the  panel.  -';h';h  .;■; " 

Sec.  IV  of  this  report  describes  practical  -utilisation  of 
reflectors  as  Kirrors.  Design  charts  arc  prases^©!,  is  'figs.  ^‘5 
through:  48  9  and  it  is  hoped  that  these,  will  facilitate",  the  -'use '  of 

acoustic  reflectors.  ’■■ 


e'an  then  be  Vwrl 


■a  at  point  s,  F<  (r)  is 
:c-nt  sound  xaVes*~“* the 
if  the  scsttersr  were 
:  amplitude  of  the  scat 


Three  exact  fernulationa  for  the  complex  pressure  assplitu; 
in  the  scattered  sound  field  fellow:  V.:  '/:  :  r 


U  FLA? 

IffcECTA&SULAR 


REFLECTOR 


IMFmiTa  — ' 

HEttl-SPHE&E 


6  THE  SURFACE  S  FC?.  THE  INTEGRAL  FO&XVUTUHI 


Bwm  WAVE 


IMFSH5TE 
PLMlt%  *U 


-  ^  —  -  !*=>••  ■■ 


where  H  is  the'.. dist&ace '. frc©  ths  eeaSigr  of  the  scatters-:*  to  poini 
.2^*  the  .integral  ©vs?  the  surface,  S,  osn  be. replaced,  jby  •.«»  -inte- 

■  grai  ’  ©ve'3*  1th©  pT&i®  including  •  the  sosiierer,  Solu¬ 

tion  of  Eq.  :4  new-  requires:  the  eoqpiex  pressure- •  ^mpIituSe .;  and  Its 
derivative  es  the  ■•surface  A^*  Techniques  to ' determine  those 
quantities  are  discussed  in'. See.  2.2.' . 


first  Ray leigk-ScmzoTf eld  formulation  ■ 

?  The  first  Rayleigh-Scsserfeld  formulation  [?,8]  can  be  used 
only  for  plane  scatterers.  Using  this  formulation,  the  complex 
pressure  amplitude  in  the  scattered  field  can  be  expressed  as 


•  -m  ;":'3 ,  '  :  Y*-A 

W  tfe  -gf  (2) 

/  > 

■  &  ....  ....  <; - 


(S> 


where  G(xp/x)  is  given  by  Eq.  5»  The  exact  solution  of  Eq.  8 

Kill  agree _  identically  with  that  of  Eq.  '4.  However,,  as  w©  will 
see,  the . approximate  solutions  to  'Eqs.  4  and  8  will  differ  some¬ 
what.  ..;/::;7;:v  V'  • 

Second^  RayieigH-Scmmsrf eld  formulation 

The  second  Ray loigh-Sbkserfeld  formulation  [?,£]  is  also 
limited  to'  plans  scatterers.  Using  this  formulation  the  coz^lex 
pressure  amplitude  of  the  scattered  field  is  given  by 


w 


JL. 

2* 


//  d2E  p&(£> 


*>  I  (I) 


(9) 


where  SG/Sn  is  given  by  Eq.  6.  * 

The  exact  solution  to  Eq.  9  will  agree  identically  with  the 
solutions  of  Eg.'  4  or  8.  However,  approximate  solutions  for  this 
equation  will  differ  fr-oa  both  the  approximate  solution  of  Eq.  4 

and  that  of  Eq.  8. 

Exact  solutions  of  Eqs.  4,  8  or  9  have  been  found  for  only 
one  case  —  a  circular  disk  with  a  normally  incident  plane  wave. 
Numerical  techniques  to  obtain  solutions  for  more  general  cases 
have  been  developed  [0,20].  However,  these  techniques  are. quite 
complex  and  do  not  necessarily  converge  to  the  proper  solution. 
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•' Ajs-.-apj-?a2^.aat;®  Solution  tschnS quo  t&ieh  .is  commonly  used  is  de- 
scri^fd -in., the :.nost  Section.  ..v.^  .  ,-v 

2.2'  £>ziuii&iiS:  fsr'i&e  Ssaitarlfig  T”.  " 

•■fey  e  "£Tet? 2  £3 fleeter  .  : 

."■Approximate  solutions  fop  the  complex  pressure  amplitude  in 
the  scattered  field  around  a  plane  reflector  can  be  obtained  by 
caking  the  Kircbhoff  approximations  (If).  These  are 


3pK- 

-sr-  (*)  -  6  i 


x  off  the  reflector 


P_(x)  **  p<(x)  »  x  on  the  illuminated  side 

~  1  ~  of  the  reflector.  (11) 


Also,  if  we  take  the  reflector  to  be  rigid,  the  particle  velocity 
normal  to  the  reflector  will  be  aero  so  that 


‘W  •  -  rg~  (x)  ,  x  on  the  reflector  ,  (12) 


and  finally  symmetry  for  the  plane  reflector  requires  that 


P8(x)  »  0  , 


x  off  the  reflector  . 


(13) 


We  can  use  these  four  equations  for  the  complex  pressure  amplitude 
and  its  derivative  in  Eqs.  U,  8  and  9  to  obtain  approximate  solu¬ 
tions  .n  ..  •• 

The  Eelsdiolts-Kircfehoff  (EK)  formulation,  Eq.t,  gives 
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KS ■ forsulatien, 
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Thsrefcre,  in  the  fttSs2PO;-ss"R««5  §£&&&$%&  esty  th®  eolaticss  fires’ 
tfa©  FES  an?2  SS3  -fe^asclatiOKS. 
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.  Tha  •  eppre^imts  soitttioas  efetsis^ ' ?a  tT;i®  l&si.  s^stion  e&a 
be  used  to  psrscUot  the  i^flectifca  by  a  pXsao  yect^gaXsr  p.snel  of 
the  cousi  K2^as  coidUsg  frssj  s  mwirm*  'f®&  this  seetion,  .tm 

will '.essuse  that  the  p$nel  if  rigid*- ■'  In  'a  ftetu?©  feet  ion,"  we  will 
show  that  this  assumption  is  not  'a  ,j?ra3t*os3  limitation.'- 


•  ffslscties  of  th® 
remlvQv  .points  thm  &ph& 
pm$&  eis^ly  ea  rslstlw  eei 
ep&eries  1  t&nriSSftstes  sUmr 
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where  point  x  is  on  the  panel. 

v-:  @2  using  Eq.  31  in  Eq»  15  we  -  obtain  for  the.  FES '  ispprosissate 
■solution ' 


„Fi^S,  < 


ec-sS,  // 


7i  «»?  75-7 


-ik(z  sin?.  .  c©s#,*y  sins*  siri^)  .  (32) 

where  r  is  given,  by  £q.  23  or  29 . .  The  SS3  .'approx! lirats  solution 
is  found  by  U3ing  Eq.  30  in  Eg.  15  » 

pf^%>  *  -  //  d-c-f  ^*r~  [ik  -  IJ  cos0r 

X;'.;  -V..-'"'  '■>■;•:  ■,  R  ;.  ?y 

-ik(x  sir.S.  cosf^-fy  siiiS.  -.eihf4  ) 

•■*•  e  1  A  1  1  .  (33) 

:  Equations  ■  32  .and  33 .  for '  plan®  -wave  .incidence  , can  also  be  ob¬ 
tained  .frost  our  solutions  for  a  point  source  by  lotting  the  dis-  . 
t&nce  froa  the  center  of  the  panel  to  the  point  source  go  to  in¬ 
finity.  'while !  the  point  source  strength  .'goes  *0  infinity  such  that 


'plan* 


as  ?L  ♦  «• 
s 


where  lane  is  a  constant. 


where  L  is  the  einiaua  dimension  of  the  panel.  The  conditions 
for  these  approximations  require  that  the  distances  from  the  ' 
course  to  the  panel  and  the  receiver  to  the  panel  be  such  larger 
than  both  the  panel  sis©  and  an  acoustic  wavelength.  With  these 
approximations  the  FES  approximate  solution  frea  Eq.  20  becomes 


ikf(x,y) 


where  L  and  L  are  the  dimensions  of  the  panel  and 


f(x,y)  *  -(a  *in0_;.ces'#_  ♦  •  8£js$„-} 

;-(x  sinSg-  ccs$5  *  y  sinOs  sin#g) 

xa+sr2  X*4>y*  (x  sinSr  cos^r  +  y  3inOr  sin^>r)a 

^  •’I*  _  '  •  . .  i  mmmmmmmmmmmmmwmmmmmm* 


(x  Sin8s  cos*g  ♦  y  sineg  sin#s)* 


♦  . —  . 


If  we  keep  only  the  first  two  torrs  of  Eq.  45  in  evaluating 
the  surface  integrals,  we  obtain  the  Fraueahofer  or  far- field 

solution.  If  we  keep  the  first  six  terra;  of  Eq.  45,  we  obtain 
the  Fresnel  solution.  Fortunately,  the  simpler  of  those  two  solu¬ 
tions  •—  the  Frauenhofer  solution  —  is  of  great  practical  use  for 
scattering  problems*  The  condition  required  to  ignore  all  but 
the  first  two  terms  In  Eq.  45  is  that 


.  x*+y*  {x  sln8r  cos$r  *  y  sln8r  siR$r>* 

+  ~2R~  '  '  ’  2Rl  '  '  ’  7 

r  r 


(x  sinQ  cos0„  ♦  y  sin9„  sin&  ! 

_ S _ 8  _ 5 _ 3 


«  v/2 


This  condition  will  be  met  if 


rs  *>£«■;  ♦  *$> 


Rr  “  &  <Li  *  H>  ■ 


Note  that  as  the  acoustic  wavenumber  gets  large  at  high  frequen¬ 
cies,  the  region  of  validity  of  the  far-field  solution  is  limited 
to  distances  far  from  the  panel.  The  familiar  geometric  effects 
in  optics  are  not  contained  in  the  far-field  solution. 


A  far  field  evaluation  of  the  PRS  formulation  can  be  found  b 
evaluating  the  surface  integral  in  Eq.  44, 


s  '=r 


2*„,lk  “<W 

"  *  RR 


RsRr 


COS0. 


where  x  is  in  the  far  field  and 


sin  -5—  (sin0w  cos*  +  sin0_  cos*  ) 

— Q  ( X  v  )  *  —  5  .  *  *  s  s 

v-r*-s'  k(siner  cos#p  ♦  sin0s  eos#s) 


sin  -s?-  (sin8r  sln#p  ♦  sinB  sin#  ) 


k(sin0„  sin*  +  sin0„  sin# 
r  r  s  s> 


The  procedure  followed  in  the  preceding  paragraphs  can  also 
be  followed  to  obtain  a  far  field  evaluation  for  the  SRS  formula¬ 
tion.  The  result  is 


-SRS ,  . 

Pa  (x  ) 


2A.ik  *k(Rs+R r* 

x  0(2r*5s>  cos0r 


where  is  in  the  far  field  and  0  is  given  by  Eq.  49. 

Par  field  solutions  for  scattering  of  an  incident  plane  wave 
can  be  obtained  from  Eqs.  48  and  50  by  setting 


Pt  R, 


plane 


where  Aplane  is  the  complex  amplitude  of  the  incident  plane  wave.  j 
The  angles  @8  and  #s  in  Eqs.  48,  49,  and  50  define  the  direction  f 
of  propagation  of  the  plane  wave.  I 

In  many  cases  we  will  not  be  interested  in  the  phase  charac-  I 
teristics  in  the  scattered  pressure  field,  but  will  need  only  the! 
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FIS.  12  REFLECTED  FARFIELD  PRESSURE  AMPLITUDES  03TAIHED  FROM 
THE  THREE  APPROXIMATE  FORMULATIONS, 


x-'  s-'lci*.  v7a.- 


20  W2U  £4Sfc©eO£  +'  '©okr>/2,*3»’  fi>r  VT3,  the  S?J,  tss  LT 
./'approximate'  for-ssslstlena.: \ 

o  .  iSis  i;l3ree  filf fcr^^tie^s  fer  the - reflected  prepare  .: 
:-a#2ifcwde  give  ISsablsai  results ..£«r  •&,  « .(?  &n2  s^r^e .cicely  for. 

angles  up  to  45*."  C&Rsideratios  of 'Eqs.-  4*  and  53  i»£ic&tac  a 
general  result  -  the  three'  different  fc-ri^Xations  for  tLa  re- 
-'fleeted  pressure  ai^lltusfe  In  the .  far '  field.  give  the  case  rests  It 

for  8  *  0  ,  i.e.,  specular  reflection.  She  reflected  pressure 

amplitude  Kill  be  greatest  also  at  6.  »  0„.  Titus ,  if  we  are  only 

Interested  in  locations  where  the  reflected  pressures'  are  large, 
we  can  use  any  of  the  three  formal at ions .  :The  question  as  to 
which  formulation  gives  core  accurate  results  when  ©  j*  8  has 

never  been  satisfactorily  answered.  Ha  knew  that  the  reflected 
pressure- at  8  »  50°.  eusfc  be  sere  because  of  the  sysrjstry  of  the 

flat  panel  ''scattering  ■  problem.  This  ter.ds  to  favor  use  of  the 
,'SBS  approximate  fcrsui&tien.  .  However,  we  also  know,  that  the  re¬ 
flected  pressure  for  all  (L,  will  fee'  aero  if  <L  -*  £0°.  This  favors 

the  FEB  formulation.  -A  satisfactory  solution  is  probably  to  use 

the  SB3  formulation  when  ®„  is  large. 

r 

At  low  frequencies  the  reflected  pressure  amplitude  doss  rot 
;vary  significantly  as  a  function  of  6  .  However,  at  higher  fre¬ 
quencies  the  reflected  pressure  amplitude  shows  a  number  of  ein- 
iaa  or  nulls  at  different  values  of  6_.  The  K  S'  2*  cf' nulls  i3 

'  :  v  •  •  -  •  ..  '•'  •  ;  2* 

equal  to  the  integer  part  of  the  length  of  the  panel  -divided  by 
the  acoustic  wavelength. 


H  m  I.P.  jit 


where  1  is  the  acoustic  wavelength  end  K.  is  the  number  of  nulls. 
Strictly  speaking,  Eq.  55. is  only  valid  when  6#  *  0.  It  will 

give  a  reasonable  approximation,  however,  for  other  values  cf  8  . 
The  'location  of  each  null  is  frequency  dependent  end  fcenfio  to  6 
■smaller  angles  as  frequency  iasroeaos.  Therefore,'  if  we  average 
the  reflected  pressor©  over  bands  of  frequencies ,  the  nulls  dis¬ 
appear.  This  result  will  b©  sfcown  in  a  future  section  when  v© 
consider  the  reflection  of  random  noiss. 

The  pressure  amplitudes  plotted  in  Figs.  10,  11  and  12  are 
normalised  so  that  the  value  at  6_  «  0  is  the  same  for  every 


frS’CV'S.’TiC? .  t-«r. mCTSSliESd  p?eaSl2?S  £^5lit  cfi5  3  increases  with  k2 

■or  fs  Mss©  v  •..  >•  - ;;  ; , •  •.  :.. 
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whore  k  is  the  acoustic  war&azz&er,  f  is  the  frequency,  and  ce  is  . 
the  speed  of  sound.  To  show  igora  clasrly  the  frequency  dependence 
we  consider  the  esse  of  a  plane  wave  normally  incident  on  a  4  ft 
:by  4  ft  panel.  For  this  css©  we  normalise  the  pressure  amplitude 
by  the  factor  ErlAplanef  where  l«plsnsl  is  the  magnitude  of  the 

complex  pressure -amplitude  of  the  plane  wave,  i.e.,  the  pressure 
amplitude.  The  pressure  amplitudes  normalised  in  this  way  are 
plotted  in  Fig.  13  for  various  frequencies.  At  lew  frequencies 
the  reflected  pressure  amplitude  is  email  and  not  strongly  de¬ 
pendant  oa  the  angle  .0  .  At  higher  frequencies  a  large  peak  et 

0p  «  0  develops.  •••:."•;..•*.•*  m’ 

•'""For  other  angles  of  inci&sne®  the  peak  in  the  reflected  pres¬ 
sure  .aaplituds  will  occur  at  the  specular  engl©  of  ref  lest  lea, 

®r  "  £a53  ^r  *  t  i8S®*  The  essplitude  of  the  reflected  pres¬ 

sure  at  this  peak  is  given  fey 


|FeCHp,0r  «  0a,  0P  *  p8  ♦  ISO9) I  »  — ||i  k  COS® 
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where  {?  |  .is  the  amplitude  of  the  refloated  pressure  at  the  spec¬ 
ular  angle  and  |A  $|  is  the  solitude  of  the  point  source.  Equa¬ 
tion  58  is  valid 'fa?  any  of  the  three  formulations*  Koto  that  the 
peak  of  the  reflected  pressure  .amplitude  varies  with  L„L„  cos-3  . 

the  projected  area  of  the  panel  on  a  surface  normal  to  the  direc¬ 
tion  of  propagation  of  ths  .incident  sound  waves. 

Tfes  calculations  used -to  illustrate  the  far-field  solutions 
have  been  fi  0  22vs  li  isspractical  since  0a  has  -boon.  taken  to  be  scro. 

It  is  intended  only  that  they  illustrate  .'the-  type '.of  solutions- 
which  ere  obtained.  Kor-e  practical  calculations -of  the.  reflected 
field  pressures  are  presented  in  Fart  k  of  this  report. 

The  importance  of  the  far-field  solutions  will  become  evi¬ 
dent  in  future  sections.  Me  will  find  that  the  f&r-field  solution 
is  a  reasonable  approximation  to  the  enact  evaluation  of  the 


integral  expressions  for  the  FES  and  SRS  formulations  even  when 
the  receiver  pc-int  is  fairly  close  to  the  panel.  Then  we  will 
use  tbs  far  field  solutions  to  calculate  the  total 'acoustic'  power 
reflected  and  the  directivity  of  that  power.  ■ 

2.4  "  Scattering  Solutions  for  the  Rear  Field  /  ■  •  • 

-  ‘  The  integral  expressions  obtained  in  Secs.  2.1  and  2.2  for 

the  scattered  field  around  a  flat  rectangular  reflector  must  be 
evaluated  numerically  when  the  receiver  point  is  close  to  the 
reflector. 

The  scattered  complex  pressure  amplitude  around  a  flat  re¬ 
flector  is  given  by  the  PRS  formulation,  the  SRS  formulation  or 
the  KX  formulation.  To  illustrate  the  numerical  evaluation  of 
these~6xpressions  we  will  consider  the  SRS  formulation  for  the 
reflection  of  an  incident  plane  wave.  The  integral  expression 
for  this  case  is  given  by  Eq.  33*  repeated  below 

pfs(£r)  *  -  -EH22  II  nr-  [i*  -  ?]  ««■**;■ 

fn  .  •*  *• 


e-ik(x  sin0  costy  +  y  sin9  sinij/)  ^3) 

A  numerical  evaluation  of  the  surface  integral  in  Eq.  33  requires 
that  we  replace  the  integral  by  a  summation  of  terms.  Toward 
this  end  we  let 


i  ' 

ti 


xi  *  1D  X  "  I  ( 59) 

where  D  is  the  step  size,  Lx  is  the  length  of  one  side  of  the  re¬ 
flector  and  1*1.*  Lx/D.  Similarly  we  let 

»  ;;  ■  , 

yj  *  ^D.  •  "i  -  §  (6°) 

with  1  S  4  S  Ly/D.  Then  the  Eq.  33  can  be  written  as 
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-ikfx^  sihd  cos$  ♦  sinS  sin#) 


(61) 


where  x^  and  are  given  by  Eqs.  59  and  60,  r^j  is  found  frost 
Eq-  23,  _ 


The  summation  in  Eq.  6i  will  be  a  good  cpproxisation  to  the 
surface  integral  if  the  step  sisa  D  la:  cade  small  enough  so  that  the 
integrand  does  not  vary  significantly  between  steps.  Unless  x_?  ... 

is  very  close  to  the  reflector,  the  most  rapidly  varying’ tens  in 
the  integrand  of  Eq.  33  is  the  complex  exponential  term.  This 
terra  will  not  vary  frost  step  to  step  if  we  tsafca  the  step  site 
small  in  comparison  to  an  acoustic  wavelength,  ' 


D  «  A. 


(6*0 


where  X#  is  the  acoustic  wavelength.  By  varying  the  step  else  ws 
found  that  accurate  numerical  evaluation  could  be  obtained  by 
making  the  step  site  less  than  one-half  the  acoustic  wavelength 
or  one-half  the  panel  dimension  -whichever  is  smaller.  The  step 
size  must  be  such  that  L  /D  and  L  /D  ere  integers, 

*  w 

The  double  summation  in  Eq.  61  can  be  carried  out  easily 
using  a  digital  computer.  At  high  frequencies  where  the  acoustic 
wavelength  is  snail  compared  to  the  panel  dimensions,  a  large 
number  of  steps  in  the  summation  are  required  and  the  computation 
time  becomes  long. 
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It  should  bs  pointed  out  that  the  exact  evaluations  of  the 
integral  expression  given  by  Eq.  33  are  not  exact  solutions  to 
the  scattering  problem  since  Eq.  33  is  in  itself  an  approximation 
to  the  exact  solution. 

Numerical  evaluations  of  the  SR3  approximate  formulation  for 
plane  wave  incidence  on  a  4-ft  square  reflector  are  presented  in 
Fig3.  14,  15,  and  16.  The  angle  of  Incidence  was  taken  to  be 
zero.  The  pressure  amplitudes  plotted  in  these  figures  have  been 
normalised  to  remove  the  decrease  In  amplitude  due  to  spherical 
spreading.  The  normalisation  is  accomplished  by  multiplying  the 
actual  pressure  amplitude  by  the  factor 


plane* 


where  |Aplan0|  is  the  amplitude  of  the  incident  plane  wave.  The 

numerical  evaluations  can  be  compared  with  the  far-field  expres¬ 
sions  when  we  use  the  above  normalisation.  The  numerical  evalu¬ 
ations  for  Rp  *  50  ft  agree  almost  exactly  with  the  far-field 

solution.  However,  for  Rp  ■  8  ft  the  numerical  evaluations  are 

as  much  as  15  dB  below  the  far-field  solutions. 

The  accuracy  of  the  far-field  solutions  as  a  function  of 
distance  Rp  and  frequency  is  shown  in  Fig.  17.  This  curve  was 

established  by  comparing  the  numerical  evaluations  with  the  far- 
field  solutions  for  0p  end  6^  equal  to  sero.  However,  the  plot 

is  probably  also  valid  for  other  values  of  the  angle  of  incidence 
0A  as  long  as  0p  •  0^  and  #p  •  ^  +  180°,  i.e.,  as  long  as  we 

consider  only  specular  reflection. 

The  numerical  evaluations  for  the  near-field  pressure  ampli¬ 
tude  will  be  used  in  Sec.  Ill  of.  this  report  to  obtain  theoretical 
predictions  which  can  be  compared  with  data  obtained  in  an  experi¬ 
mental  study. 

2.5  The  Effect  of  Panel  Response  on  the 
Reflected  Pressure  Field 

The  results  presented  in  previous  sections  were,  strictly 
speaking,  valid  only  for  rigid  panels.  Ve  will  show  in  this  sec¬ 
tion  that  the  panel  response  has  no  significant  effect  on  the  re¬ 
flected  pressure  field.  The  panel  response  will,  however,  be  im¬ 
portant  in  designing  a  reflector  which  will  not  fatigue  under  an 
intense  sonic  environment. 
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FIG.  14  COMPARISON  OF  THE  REFLECTED  PRESSURE  AMPLITUDES  IN 
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FIG.  17  COMPARISON  OF  THE  FARFIELD  EVALUATION  WITH  THE  COMPUTER 
EVALUATION  OF  THE  HEARFIELD  FOR  SPECULAR  REFLECTION  OF 
A  RCSMALLV  INCIDENT  PLA8E  HAVE. 


To  show, the  effect  of  panel  response  on  the  reflected  field 
v;e  will  consider  the  excitation,  response  and  radiation  of  a  panel 
in  an  infinite  rigid  baffle  which  is  excited  by  a  diffuse  field 
of  nol.se.  The  solution  of  this  problem  is  relevant  to  the  un¬ 
raffled  panel  problem  in  that  the  response  and  radiation  of  a 
oaffie.d  panel  will  be  above  that  of  the  unbaffled  panel  and, 
therefore ,  will  be  a  conservatively  high  estimate  of  the  effect 
of  panel  response  on  the  reflected  field.  The  response  and  radi¬ 
ation  of  a  baffled  panel  has  been  carefully  and  completely  stud¬ 
ied  ill:  j.  We  will  use  the  results  of  this  study. 

To  calculate  the  response  and  radiation  in  any  given  fre¬ 
quency  band  wo  must  consider  both  the  modes  with  resonance  fre¬ 
quencies  In  the  band  (resonant  modes)  and  the  modes  with  resonance 
frequencies  outside  the  band  (nonresonant  modes).  The  response 
of  the  resonant  modes  will  dominate  the  response  of  the  panel. 
However,  the  nonresonant  nodes  usually  dominate  the  acoustic 
transmission  through  the  panel.  We  will  consider  first  the  re¬ 
sponse  and  radiation  of  resonant  modes.. 

7: s'-  acoustic  r.ovo-r  incident  on  both  sides  of  a  panel  in  a 
) a r;*e  r.-v-  rccrant  chamber  is  given  by 


where  Hj  Is  the 'tine-average  power  incident  on  the  panel,  is 

the  mean-square  total  acoustic  energy  In  the  chamber,  V  is  the 
volume  of  the  chamber,  e.  Is  the  speed  of  sound  in  air  and  A  is 
the  area  of  the  pane].  The  resonant  response  of  the  baffled 
panel  Is,  given  by 


Sp  hp 

K,  n,  tv. 

m  A  tot 


(67) 


r,'  ill  den 


cuamr.er,  ^ 

dissipation  1 
flat  p. Late  It* 


<*  mean-square  vibratory  energy  of  the  panel,  n p  is 
! t -j  of  the  panel,  ru  is  the  modal  density  of  the 


Is,  the  radiation  loss  factor,  and  »v  . 

tot 


In 


the  total 


ss  factor.  The  radiation  loss  factor  of  a  clamped 
a  baffle  Is.  glv-n  by 


(68) 
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where  p  Is  the  density  of  air,  p„  Is  the  surr'aee  density  of  the 

*  O  •  ■  ■  '  -r;  •  “-"r.  ' 

panel,  P  is  the  perimeter  of  the  panel,  ar.d  iv p  ic  the  critical 
frequency  which  is  given  by 


r  .  -L'il 

cr  2 it  <0. 


(69) 


where  ic  is  the  radius  of  gyration  of  the  panel,  and  is  the 

longitudinal  wavespeed  in  the  panel  material.  The  modal  density 
of  the  panel  is  given  by 
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and  the  modal  density  of  the  chamber  is  given  by 
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The  total  time-average  acoustic  power  radiated  by  both  sides  of 
the  vibrating  panel  is  given  by 
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rad 
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(72) 


Combining  Eqs.  66  through  72  gives 
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Finally ,  a  typical  value  for  the  total  lose  factor  of  a  lightly 
damped  structure  is  approximately 


ntot  *  3  x  lcr* 


(81) 


so  that 
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Por  a  typically  damped  panel,  then,  the  acoustic  power  radiated 
by  the  induced  resonant  vibration  is  at  least  12-1/2  dB  below  the 
incident  acoustic  power. 

Our  consideration  of  the  effects  of  vibration  on  the  reflector 
performance  must  also  Include  the  nonresonant  motion  of  the  re¬ 
flector.  The  acoustic  power  transmitted  through  a  panel  via  non-  . 
resonant  motion  is  given  by 


®trans  "  T  Binc  * 


(63) 


where  t  is  the  mass  law  transmission  coefficient  which  is  approxi¬ 
mately  given  for  diffuse  field  Incidence  by  129} 


x  * 
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(8*) 


The  time-average  power  reflected  is  given  by 
Bre fleeted  *  Bine  "  ®trans  “  Brad 

/r 

where  Btran#  is  the  power  transmitted  through  the  reflector  by 
nonresonant  motion  and  is  the  power  radiated  from  the  back 
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rela- 


o f  tue  reflector  by  resonant  vibration.  We  can  ignore  II  . 
tlvo  t0  "inc  *«'  that 
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For  an  aluminum  reflector  in  air  the  mass  law  tranmission 
coefficient  can  be  written  as 


(«! 


where  is  the  r°**lector  thickness  in  inches.  If  we  require 

that  93?  of  the  incident  energy  be  reflected  for  frequencies 
above  103  Hz,  the  reflector  thickness  must  be  greater  than  0.12 
In.  For  a  1/16-in.  reflector,  63?  of  the  Incident  energy  at  100 
Hz  is  reflected. 

We  conclude  that  the  flexibility  of  a  4 -ft  square  aluminum 
reflector  1/8-ln.  thick  (a  typical  reflector)  will  not  alter  the 
reflected  fielu  oy  more  than  1  dB  so  that  the  reflected  field 
from  a  rigid  reflector  can  be  used  for  our  calculations. 

2.6  Reflected  Acoustic  Power 

An  evaluation  of  the  performance  of  a  reflector  can  be  best 
nude  by  looking  at  the  reflected  acoustic  power.  A  reflector 
witn  satisfactory  performance  will  reflect  most  of  the  power  in¬ 
cident  on  its  surface  in  a  colimated  beam  which  can  be  directed 

at  the  test  object. 

our  theoretic ,1b  ^iwdictions  for  the  reflected  pressure  field 
have  be^n  obtained  for  an  acoustic  medium  which  has  no  energy 
dissipation  mechanisms.  Thus,  the  acoustic  intensity  in  the  far 
field  can  be  used  to  calculate  the  reflected  power  and  the  direc¬ 
tionality  of  that  power. 

The  tine -average  acoustic  intensity  of  the  reflected  far 
field  is  directed  away  from  the  reflecting  panel  and  has  a  magni¬ 
tude  equal  to 


I(W*r>  •  tft:  IWWI' 
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where  I  is  the  time-average  acoustic  intensity,  Rr»®r»*P  are 

spherical  coordinates  defining  a  point  in  the  far  field,  pc  is 

the  specific  acoustic  impedance,  and  P_  is  the  complex  amplitude 

s 

of  the  scattered  field.  The  complex  amplitude  of  the  scattered 
field  can  be  obtained  from  one  of  the  three  approximate  formula¬ 
tions  presented  in  Sec.  2.3* 

The  total  acoustic  power  reflected  by  a  panel  can  be  found 
by  Integrating  the  far-field  Intensity  given  by  Eq.'  88  over  a 
hemisphere  of  radius  Rr  which  is  centered  on  the  panel, 

/2w  (V/2 

n  -  d6  d8  R  sine,,  I(R_,e«,0  (89) 

r  I  r  j  r  r  r  r*  r*  r 

where  Hr  is  the  total  time-average  power  reflected  by  the  panel. 

The  acoustic  power  Incident  on  the  reflector  takes  a  very 
simple  form  for  a  plane  wave.  The  intensity  of  a  plane  wave  is 
aligned  with  the  direction  of  propagation  and  has  a  magnitude 
given  by 


(90) 


where  1^  is  the  time-average  intensity,  p#c#  is  the  acoustic  im¬ 
pedance  and  P ^  is  the  complex  amplitude  of  the  plane  wave.  It 

follows  from  Eq.  90  that  the  total  power  incident  on  the  reflector 
is 


1 

2p#c, 


j  P. j *  A  cosv, 

'  a  1 


(91) 


where  is  the  time-average  incident  power,  A  is  the  area  of  the 
reflector,  and  6^  is  the  angle  of  incidence  of  the  plane  wave 
measured  from  a  normal  to  the  reflector. 

The  ratio  of  reflected  power  to  Incident  power  as  a  function 
of  kL  co3©j/2,  where  k  is  the  acoustic  wavenumber  and  L  the  length 

of  one  side  of  the  reflector,  has  been  calculated  numerically  us¬ 
ing  a  digital  computer  and  is  plotted  in  Figs.  18  through  21  for 
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several  values  of  the  angle  of  incidence  of  a  plane,  wave*  Two., 
-curves . are . presented ■ in  each -figure  corresponding  to  thePRS  and 
•SR3  approximate  formulations  for  the  reflected  field.  The  K K 
formulation  will  give  results  which  are  the  average  of  these  two 
curves.  At  high  frequencies  (k  large)  the  ratio  of  reflected 
power  to  incident  power  approaches  one  as  would  be  expected- based 
on  a  geometrical  optics  point  of  view.  At  lower  frequencies, 
however,  the  ratio  of  reflected  to  incident  power  varies  between 
the  different  formulations.  The  FRS  formulation  gives  ratios 
which  fluctuate  in  frequency  and  which  for  certain  values  of 
kL  cose^/2  exceed  one.  The  ratio  of  reflected  to  incident  power 

can  exceed  one  because  of  our  definition  of  the  incident  power  a3 
the  Intensity  of  the  incident  wave  when  the  reflector  is  removed 
times  the  projected  area  of  the  reflector  on  a  plane  normal  to 
the  direction  of  propagation  of  the  wave. 

The  fluctuations  of  the  FRS  solution  are  largest  for  0^  «  0° 

and  disappear  for  large  angles  of  incidence.  The  ratio  of  re¬ 
flected  to  incident  power  given  by  the  FF.S  formulation  for  low 
values  of  kL  0008^/2  is  strongly  dependent  on  the  angle  of  inci¬ 
dence.  The  ratio  at  kL  cosQj/2  equal  to  one  is  as  follows: 


H  /A.  from  FRS  formulation  with 
r  i 


kL  co30 


i  »  1 


where  l!r  is  the  reflected  power  end  is  the  incident  power. 

.The  SR3  approximate  formulation  gives  predictions- which  are 
well  below  those  given  by  the  -FRS  formulation  except  for  large 
angles  of  incidence.  The  CHS  formulation  approaches  one  as 
kL  cos9j/2  increases  but  not  as.  rapidly  as  the  prediction  given 

by  the  FRS  formulation.  The  fluctuations  exhibited  by  the  FRS 
formulation  do  not  occur  for  the  SE3  formulation.  And,  finally, 
the  SRS  formulation  gives  predictions  for  the  ratio  of  reflected 
to  incident  power  which  are  nearly  independent  of  angle  of  inci¬ 
dence,  as  shown  below. 


The  HK  approximate  formulation  gives  predictions  which  are  the 
"average  of  those  given  by  the  FRS  and  SR3  formulations . 

The  causes  of  the  differences  between  the  three  approximate 
formulations  are  the  Kirchhoff  approximations  given  by  Eqs.  10 
and  11.  As  discussed  in  Sec,,  2.3  the  far-field  pressures  at 
specular  reflection  predicted  by  the  three  approximate  formula¬ 
tions  are  identical.  Thus,  the  differences  between  the  FES  and 
SRS  predictions  for  total  radiated  power  result  from  differences 
in  the  predicted  amount  of  power  radiated  in  directions  nearly 
parallel  to  the  plane  of  the  reflector. 

For  the  purpose  of  shaping  an  acoustic  field  the  directivity 
of  the  reflected  power  is  as  important  as  the  total  reflected 
power.  As  a  measure  of  the  directivity  of  the  radiated  field  we 
have  numerically  calculated  the  power  reflected  within  a  cone  of 
angles  defined  by  0.  This  reflected  power  is  given  by 

Ve)  *  I  f'r  d9r  Rr  *in0r  <«> 

'l  'l 

where  nr(0)  is  the  time -average  power  reflected  in  the  cone  of 

angles  defined  by  0,  the  angle  6  is  measured  relative  to  a  normal 
to  the  reflector,  and  I  is  the  far-field  intensity  given  by  Eq. 

83.  Plots  of  the  reflected  power,  E?(S),  for  different  values  of 

kL/2  are  shewn  in  Pigs.  22  through  2$.  All  plots  shewn  ere  for 
the  case  of  normal  incidence.  These  three  plots  show  the  behavior 
predicted  above.  The  FES  and  SR3  epprostissata  formulations  give 
nearly  the  same  prediction  for  the  power  r&diated  into  a  cone  of 
angles  for  small  values  of  0.  Xf  we  consider  angles  up  to  30*, 
the  prediction  from  the  two  formulations  arc  within  202  for  any 
value  of  kL  cos9j/2.  We  conclude  that  the  question  of  which 

formulation  to  use  is  not  of  great  importance  for  our  particular 
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problem,  since  we  are  costly  interested  in  the  reflected  pressure 
near  the  specular  angles,  $p  ■  end  pp  *  *  160°. 

In  Part  4  of  this  report  we  will  use  calculations  of  reflected 
power  as  a  basis  for  practical  design  charts.  These  calculations  - 
will  be  based  on  the  S3S  approximate  formulation  and,  therefore, 
will  be  conservative  estimates  of  reflector  performance. 

2.7  Reflection  of  a  Band  of  Acoustic  Boise 

The  predictions  for  the  reflected  field  in  previous  sections 
have  been  obtained  for  a  single  frequency  pure  tone.  To  be  prac¬ 
tically  useful  these  expressions  must  be  averaged  in  frequency  in 
order  to  predict  the  reflection  of  random  noise,  ; 

• '  The  reflection  of  an  acoustic  field  will  be  assumed  to  be 
linear  even  though  the  levels  of  the  field  ere  high  enough  to 
cause  nonlinearities  in  the  propagation  of  the  wave,  ttlth  this 
assumption  linear  input-output  relations  can  be  used.  The  spec¬ 
trum  of  the  pressure  at  point  is  related  to  the  spectrum  of 

the  point  or  plane  wave  source  by  a  frequency  dependent  constant , 


Sp(x  )<f)  *  S1(f>|H(xr,f)|*  (93) 


where  Sp£X  j  is  the  spectrum  of  the  pressure  at  point  Xj,,  f  is 

"T* 

the  frequency,  is  the  spectrum  of  the  souree,  and  H  is  the  com¬ 
plex  frequency  response.  The  function  H  is  the  complex  pressure 
amplitude  at  point  resulting  from  a  pure  tone  source  with 

unity  amplitude.  The  complex  pressure  amplitude  for  a  pure  tone 
has  been  calculated  in  previous  sections  and  is  given  by 

HCSp.f)  -  P^.f)  ♦  Pg^f)  ■.  (94) 

where  is  the  complex  amplitude  of  the  incident  pure  tone  waves 
at  point  xp  and  P#  is  th®  amplitude  of  the  scattered  pressure 
field  at  point  x^.  The  magnitude-squared  of  H(xp,f)  is 

|H(xp,f)|*  •  iP^Xy.f)!*  ♦  |Pe(£r»f)i*  ♦  Pi^.f)  PjCSrtf) 

♦  Pf(*p,f>  Pa(^r,D  •  (95) 


The  last  two  terns  of  Eq.  95  result  from  the  interaction  of 
the  incident  field  with  the  reflected  field,  tfe  will  show  that 
the  average  of  these  interaction  terns  over  a  band  of  frequencies 
tends  to  zero  and  can  be  ignored.  Then  the  magnitude-squared  .of 
the  transfer  function  can  be  written  as 


<}H(xp,f)|a>Af  «  <|P1(xr,f)}2>Af  ♦  <|Ps(xr,f)|*>Af 


where  Af  is  a  band  of  frequencies,  and  f  is  the  band-center- 
-frequency. 

2.7.1  Intsractfcn  ef  tho  incident  field  with 
the  reflected  field 

To  show  the  interaction  of  the  incident  field  with  the  re¬ 
flected  field  we  consider  a  point  source  generating  .random  noise. 
The  strength  of  the  source  will  be  somewhat  arbitrarily  set  to  be 
the  spectrum  of  the  pressure  at  s  *  1.  To  find  the  complex  fre¬ 
quency  response  we  will  calculate  the  complex  pressure  amplitude 
at  xp  due  to  a  pure  tone  source  with  unity  amplitude,  A^t  *  1. 

The  incident  pressure  amplitude  for  this  case  can  be  found  from 
Eq.  18, 


Pl<xr,f)  -  2—  (97) 

where  k  is  the  acoustic  wavenumber  and  s  is  the  distance  from  the 
source  to  point  x p.  If  we  limit  our  consideration  to  points  in 

the  far  field,  the  reflected  pressure  amplitude  is  given  by  Eq. 

48  or  50  as 


Ps<*r»f)  “  “ 


2ik  e 


ik<VV 

RsRr 


(Cos6s  ) 

tSr-5.) 

r  3  (cose  } 


where  Pg  is  the  reflected  pressure  amplitude. 

■  '  '  ~  .  .  .  t 

The  cos6s  is  used  for  the  FRS  approximate  formulation,  the ' 

cose  'is  used  for  the  SRS  formulation  and  one-half  the  sum  of 
r 

these  factors  is  used  for  the  HK  formulation.  Combining /Eqs .  97 
and  98  we  calculate  the  interaction  terms  in  Eq.  95  to  be 


I ' 


where  Rd  is  the  distance  from  the  source  to  point  All  terms 

in  Eq.  99  are  positive  and  vary  slowly  in  frequency  except  the 
sine  term*  Thus,  the  average  of  the  interaction  terms  over  a 
narrow  band  of  frequencies  becomes 


<pipi  ♦  P!V« 


RrRsRd 


<sin  k(Rr  ♦  Rg  -  Rd)>if  (100) 


where  kc  is  the  wavenumber  at  the  band  center  frequency,  Gc  is 

the  function  G  evaluated  at  the  band  center  frequency,  and  Af  is 
the  bandwidth.  If  the  bandwidth  is  sufficiently  wide  that  the 
condition 


(101) 


where  fc  is  the  band-center  frequency  and  Xc  is  the  acoustic  wave¬ 
length  at  f  ■  holds,  the  average  of  the  sine  term  over  Af  will  be 

v 

small  and  will  tend  to  zero.  In  the  far  field  the  distances  R„ 
and  Rg  must  be  much  greater  than  Ac,  so  that  the  condition  ex¬ 
pressed  by  Eq.  101  will  be  met  at  all  points.  We  conclude  that 
neglecting  the  interaction  terms  to  calculate  the  reflection  of 
a  band  of  noise  generated  by  a  point  source  is  a  reasonable  ap¬ 
proximation  in  the  far  field. 

2.7.2  Reflection  of  one-third  octave  and 
octave  bands  of  noise 


The  mean-square  sound  pressure  in  a  one-third  octave  or  oc¬ 
tave  band  is  given  by 


i-tffKt  ii*.  tt.VJ* 


-  <s1(«|H(2r,r)l1»4f 


(102) 


where  <  >  signifies  a  frequency  average  and  Lt  is  the  bandwidth. 

If  we  assume  the  source  spectrum  to  be  constant  over  the  band*  then 


<fW  >(f)>*f  “  si(f)<iH(vf)ia>Af 


(103) 


where  <!H(ar#f)},>Aj.  is  given  by  Eq.  96.  For  a  point  source  the 
frequency  average  of  jHj*  is  given  by 


<k*G*>  1  C0S*6i 


(104) 


where  x  is  assumed  to  be  in  the  far  field.  R .  is  the  distance 
—t  r  a 

from  the  source  to  the  receiver  and  the  term  cos*0.  is  used  for 
the  FRS  formulation  wlgile  the  term  cos*0r  is  used  for  the  SRS 
formulation.  The  term  <k*0*> ^  is  given  by 


<k’s,v  •  ^  £; 


slnif  sin3f 
of  Bt 


(105) 


where  Tt  and  ff  are  the  lower  and  upper  limits  of  the  band  and 

*L_ 

«  •  — —  (sin®..  cos*  ♦  sin9.  eos$_) 
r  z*  b  5 


6  •  -r2,  (*ln0_  sin*  ♦  sind_  sine  ) 
c4  r  F  8 


(106) 


The  Integral  in  Eq.  105  cannot  be  evaluated  analytically  for 
the  most  general  case.  However,  for  specular  reflection,  0^  •  ©r 

and  *  •  ♦  180°,  and  both  a  and  $  equal  xero  so  that 

8  F 
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for  a  *  0  »  0  .  (107) 


This  Integral  can  be  easily  evaluated  to  give 


<k*G*>  «  - SlZ  Jl.  fft  _ 

Lt  lZc\  ir  «  r*J  * 


for  a  *  $  *  0  .  (108) 


For  one-third  octave  or  octave  bands  Eq„  108  can  he  written 


<kaG*J 


'_!}&(  zV'-r^X., 
i2c*  V  ^-r0  /  c 


for  a  *  8  »  0 


(109) 


V  £or  octave  bands,  n  -  V6  for  one-third  octave  bands 
arid  Tc  Is  the  band  center  frequency*  The  spectrum  of  the  sound 

pressure  at  angles  corresponding  to  specular  reflection  Is  given 


<SpOO<f)> 


:r)ir;  Af  .  /l.l70\  l*L*  f* 

i~  (f )  *  “  '♦'1^  nocl  *""  —  cos*0 

*  ■  F*  X1*025/ r*r*  e?  * 


(110) 


s  r  • 


£he  fa®t°r  !*170  is  used  for  octave  bands  and  the  factor 
uUSe<J*.£°r  ons“tlilrd  octave  bands.  Comparison  of  Eqs.  110 
and  5 8  shows  that  except  for  the  factors  1.170  and  1.025 

<SP<*r)tr>>Af  *  Sp(xr)(fc5  for  specular  reflection  .  (ill) 

use  the  pure  tone  calculations  for  fre- 
?«fnCfuS  equa*  t0  the  band-center  frequencies  In  order  to  calcu- 
flection  80un<*  Pressure  spectrum  at  the  specular  angles  of  re- 

The  first  tern  In  Eq.  110  is  the  contribution  to  the  pres- 
froro  the  lncl<3*»t  sound  field.  In  a  praeticarL- 
plicatlon  the  source  will  be  directive  so  that  the  incident  field 
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pressures  at  locations  c?  iotorw-^i*  'Thsa  the  firnb  ti-rz  i:u 
110  will  not  b-3  pres-snc.  foo*-  ti;2.  £is  active  Svcr-qu 

be  .presented  in  See.  XI?  cl*  tlhhg  t,  .€£b£v&  «.;••?  c-r-'--‘4;:"..:;.-l 
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can. also  be  evaluated  uaisg  £q,  l£c.  ■  Tiis/eost  cs&or-'sl  eb?9  ultis 
both  ct  and  g  noftsoro  crest  be  evaluated  nus&sr-icsily*-  Kwovor, 

without  losing  much  generality,  we  can  end  fw  equal  -to 

zero  so  that  6*0.  Than 
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for  6  «  0  .  (112) 


This  integral  can  be  evaluated  analytically  to  give 


<k.3.>if .  !^a 

Af  ..  ,c| 


1  /.  Sin-:*? 

2aH  Cui  ' 


sinn  ft f  /sins?\3 

.“W“ 


for  6*0 


(113) 


where  f  *  '(f,  ♦  f2)/2.  The  frequency  averaged  value  of  the  icsg- 

nitude-squared  of  the  cospl-s*  frequency  response  can  be  obtained 

by  using  Eq.  113  in  Eq. *104. 

The  results  of  frequency  averaging  are  shown. In  Figs.  25  and 

26.  The  factor 


10  logI#{ 


<h2G2>. *  ,  f 

— cr~  I  [c03'Bs 4  cs3'i>i 


(Ilk) 


where  fc  is  the  wavenuEber  at  the  fctnd-esnfcer  frequency  is  plotted 

in  these  figures  for  one-third  citava  and  octave  band  averaging. 
The  unoveraged  value  of  the  above  faster  is  also  plotted  in  these 
figures  for  comparison. 

*  ■ 

The  effect  of  the  frequency  averaging  is  to  ssseoth  out  the 
peaks  and  null3  in  the  reflected  field  directivity  pattern.  The 
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smoothing -.offest  is  Eore  prcEotsacod  st;  highsr  frequencies  where 


the  bandwidth®  are  larger- -and 


tho  timverasad  reflected  field 


pren- 

.east  be' used  to  calculate  the  reflected  acoustic  noise  field  at 
locations  which  do'  nos  correspond  to  specular  reflection.  How¬ 
ever,  at  locations  corresponding  to  specular  reflection  the  pure 
tone  result  evaluated  fit -the  band  center  frequency  can  be  used 
for  the  noise  field.  "  In  the  practical  utilisation  of  a  reflector 
the  "greatest  interest  is  in  the  reflected  noise  field  at  locations 
of  specular  reflection,  since  the  reflected  field  has  its  great¬ 
est  levels  at  these  locations.  Thus,  the  pure  tone  calculations 
will  be  of  great  practical  use. 


;  VSr 


The  effect  of  frequency  averaging  cn  the  reflected  power  is 
not  significant,  since  the  reflected  power  is  a  fairly  smooth 
function  of  frequ&io  U  •  A  *  2f  S'SvSCwfi  ably  cseurata  estimate  of  the  re¬ 
flected  power  in  a  one-third  octave  or  octave  band  can  be  obtained 
by  using  the  pure  tons  prediction  at  the  band  center  frequency. 

A  core  exact • expression  can  be  obtained  by  averaging  the  plots 
shown  in  Pigs.  18  through  21. 
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2.8  Reflects on  of  High  Level  Sound  t*avss 

The  sound  pressure  levels  required  to  simulate  mmy  actual 
environments  ere  eo  high  that  uonlinearities  in  the  equations 
'governing  the  propagation  of  the  sound  waves  east  be  considered. 
These  nonlinsarities  cause  the  wavefront  of  cn  initially  harmonic 
sound  wav®  to  steepen  es  the  wave  travels  until  the  Halting  fora 
of  a  sawtooth  is  reached,  for  practical  test  levels  in  the  range 
from  150  to  ISO  d3  the  transition  frees  &  fearsenic  disturbance  to 
a  sawtooth  disturbance  takes  place  over  e  number  of  wavelengths 
of  the  disturbance.  For  this  reason  we  will  treat  the  actual  •  - 
reflection  process  as  linear  even  thaugh  nenlinserltias  s&y  have 
to  be  considered  in  the  propagation  of  the  reflected  sound  waves. 

.Our  technique  for  studying  the  reflection  of  high  level 
sound  waves  will  be  to  express  tfca  incident  waves  at  the  reflec¬ 
tion  m  &  stem  of  harmonic  waves  and  to  esloultte  the  reflected 
acoustic  field  for  each  of  these  fcsr&taie  eosponsnts.  As  shotts 
.In 'previous  sections  tb®  hifh^frs^u^cy'hsrsonic  cos^onsats  will 
be .  eoro  •  effectively  •  reflected.  %hm,  the  mvstora  of  the  reflect? 
sound  waves  will  have  relatively  greater  high-frequency  content 
end  will  have  a  shape  different  than  that  of  the  incident  wave. 
For  the  proaent  program  w®  are  core  interested  in  the  intensity 
of  the  reflected  field  and  will  lirdt  our  consideration  to  cal¬ 
culation  of  this  quantity. 
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We  will  assuee  that '  the 'incident'  waveforss  &t  the  rc--Hj®st©s» 
is  a  sawtooth.  Then,  the  incident  pressure  is'gi^a  -fcy  the  .• 

equation  ■ 


Pi(x#t)  ■  cosSg  cos$s 

♦  k#y  cos3g  sin$g  -  w#t) 


Ol5> 


where  Pj  is  a  real  amplitude,  g  is  a  sawtooth  waveform,  x  is  a 
.point  in  the  plane  of  the  reflector,  k#  is  the  wavenusfcer  at  fre¬ 
quency  w  ,  w  is  the  fundamental  frequency  of  the  sawtooth  and  @ 
and  define  the  angle  of  incidence  of  the  sound  wave.  The  fune- 
tion  g  is  periodic  and  is  given  by 


g(x)  -  |  -  1 


0  <  x  <  2  n  . 


(116) 


The  intensity  of  the  Incident  wave  is  simply 


<P«> 


it 


n 


Pf®a  3p®c> 


Cut) 


To  calculate  the  reflection  of  this  incident  sawtooth  wave  we  will 
express  p^  as  a  sum  of  harmonic  waves. 


Pj^x.t)  *  Re 


2iPi  *  l  in*Ke*  cos5s  eos$3  ♦  fc#y  cors3g  sin^g  -  wet) 

*  ""  t  n  ® 

(US) 


*  n*l  n 


ittk 

Ps(x,t)  ■  R®  ~  pi 


C03°s  1  j  o  e1"'**8- 

cosOr  Rr  n*l  n 


-  &>#t) 


(119) 


mm 


where  CO50-  Is  used  for  the  FR3  formulation,  cos8^  is  used  for  the 
SRS  formulation,  Gfl  is  the  value  of  G  as  given  by  Eq.  49  at 
k  *  nkf.  The  normalised  Intensity  is  given  by 


^s^r  *®r  *^r^ 


cosae£ 

COS20. 


(120) 


with 


L„L. ,  sin  naf .  sin  nSf. 
x  y  •  f 

~T“  ~KSf- - nsTT 


(121) 


where  a  and  $  are  given  by  Eq.  j.06.  Evaluation  of  the  summation 
dust  be  accomplished  numerically.  We  have  done  this  for  the  par¬ 
ticular  case  of  6  and  o  «  0  and  6  *  0.  The  SRS  formulation 

s  s  r  ......  ,t 

for  the  normalized  intensity  is  plotted  in  Pig.  27  for  a  value  of 
kfL/2  *  1.  It  can  be  compared  with  the  result  for  the  reflection 

of  an  incident  harmonic  wave  of  frequency  f#.  The  comparison 

shows  a  very  interesting  result.  The  intensity  is  infinite  at 
angles  corresponding  to  specular  reflection,  0r  *  0  for  this 

case.  The  fact  that -the  intensity  goes  to  infinity  at  specular 
angles  of  reflection  is  not  physically  unrealizable  since  the 
total  reflected  power  is  finite. 

The  reflection  of  high  level  random  sound  waves  can  be 
handled  quite  simply.  Since  the  reflection  process  is  linear  we 
treat  the  reflection  of  high  level  random  sound  waves  the  same 
way  as  low  level  random  waves..  The  reflected  power  in  a  given 
band  is  found  by  multiplying  the  incident  power  in  that  band  by 
the  ratios  shown  in  Figs.  18  through  24.  The  effect  of  nonline- 
srities  must,  of  course,  be  considered  in  studying  the  propaga¬ 
tion  of  the  high  level  reflected  sound  waves. 

Z.9  Comparison  of  tbs  Approximate  Soluticns  with 
the  Exact  Solutions  for  a  Disk 

The  exact  solution  for  the  scattered  field  from  a  rigid  disk 
with  a  normally  incident  plane  harmonic  wave  has  been  found  by 
Bouwkamp  [14]  among  others  [15,10].  The  disk  is  a  particular 


shape  for  which  an  exact  solution  can  be  found  because  the  bound¬ 
ary  conditions  expressed  in  an  oblate  spheroidal  coordinate  system 
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for  t he  problem  are  not  mixed.  ieally,  &  solution  for  07 

angle  of  incidence  could  be  found.  la  practice*  however,  -©sly 
the- solution  for  normal  incidence. Is  tabulated.  A  detailed  com¬ 
parison  of  the  exact  solution  end  the  approximate  solutions  dis-  • 
cussed  In  this  report  has  b  Q  £71  fey  Laithner  [35  3.  We  cvioaris® 

this  comparison  by  presenting  the  enact  end  approximate  solutions, 
for  the  total  reflected  poorer  in  Fig.  28.  The  exact  solution  has 
been  taken  from  Bef .  16.  We  see  that  the  f£3  approximate  forsa- 
laticn  is  in  much  better  agreement  Kith  the  exact  solution  than 
the  SES  approximate  formulation.  However,  as  disclosed  previously 
the  difference  between  the  FES  and  SES  solutions  for  normal  inci¬ 
dence  is  in  the  prediction  of  the  amount  of  power  radiated  in  di¬ 
rections  corresponding  to  high  values  of  9  .  Unfortunately, 

BaarV  [3d]  experimental. -results  lead  to  the  opposite  conclusion. 
The  question  of  which  formulation  to  use  for  nonspeculsr  angles 
of  reflection  is  still  open.  But  sins®  we  are  mostly  Interested 
in  specular  reflection  in  this  report,  we  can  leave  this  Question 
unanswered. 


sscTica  in 

EXPEfiSHESTS 


Two  sets  of  experiments  were  conducted  to  complement  the 
theoretical  work  outlined  in  Sec.  II.  The  first  set  of  experi¬ 
ments  was  conducted  to  support  the  validity  of  the  approximate 
formulations  for  the  reflected  field.  These  experiments  are 
discussed  in  Secs.  3*2  to  3.*.  Section  3.1  cospares  the  approxi¬ 
mate  formulations  with  data  obtained  from  Ref.  3.  The  second  set 
of  experiments  was  conducted  to  study  the  interaction  of  the 
acoustic  field  near  a  test  object  with  that  near  a  reflector. 

The  use  of  a  reflector  to  fora  a  J?£  iii  Tif\*  cavity,  see  Fig.  3, 
and  to  reflect  sound  away  frca  a  test  object,  see  Pig.  2,  was 
investigated  in  this  set  of  experiments .  These  experiments  are 
discussed  In  Sec.  3*5. 

3.1  Data  From  Experiments  Conducted  by  Sskural  and  Raakawa  [s] 

Sakurai  and  ISaekaw^i  £33  have  studied  the  far-field  reflection 
of  an  incident  plane  wave  by  a  rigid  square  panel.  They  conducted 
both  a  theoretical  and  experimental  study. 

Although  the  authors  of  Ref.  3  carried  out  their  program  to 
understand  the  use  of  reflectors  as  eclouds"  in  a  large  auditor¬ 
ium,  their  results  are  equally  relevant  to  the  problem  being  dis¬ 
cussed  in  this  report. 

Sakurai  and  gae&awa  used  a  Fresnel  evaluation  of  the  HX  ap¬ 
proximate  formulation  -  see  .'discussion  following  Eq.  45.  a  com¬ 
parison  of  their  Fresnel  evaluation  with  the  far  field  evaluation 
of  the  FHS  approximate  formulation  is  shown  in  Pigs.  29  and  30. 
These  figures  were  obtained  from  Ref.  3.  To  Bake  the  comparison 
we  added  the  curves  giving  the  far-field  evaluation. 

;  ;’.  The  experimental’  values  shown  .in  Figs.  29  and  30  were  ob¬ 
tained  by  Sakurai  and  Ksekawa  using'-©  setup  similar  to  that  de¬ 
scribed  in  the  next  Section.  The  ce‘£3.iired  sound  pressure  levels 
are  normalised  by  the  sound  pressure  level  that  would  exist  a 
distance  R  ♦  Rp  from  the  point  source,  where  Rft  is  the  distance 

from  the  source  to  the  reflector  and  Rp  is  the  distance  from  the 

receiver  to  the  reflector.  The  source  was  an  electrostatic  loud¬ 
speaker  located  3.5  asters  from  ths  center  of  the  reflector.  The 
receiving  microphone  was  mounted  on  a  rotating  arm  1.5  meters 
froa  the  center  of  the  reflector.  Rote:  the  microphone  wa3  lo¬ 
cated  at  1  ester  froa  the  reflector  for  the  experiments  with  a 
6  ca  (2a  *  6)  reflector.  The  distances  of  the  source  and  the 
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peridental  values  in  Figs.  29  and  30  are-  satisfactory  In.  most  .- 
cases.  The  lack'  of  agreement  for  low  values  of  lea  ia  hsliovod  to 
be  more  a  result  of  errors  in  .the  Esasarasients  due '  to  background  : 
noise  than  to  errors  in  the  theory.  For  these  low  values  of  ka 
the  sound  pressure  level  of  the  reflected  field  at  the  measure¬ 
ment  point  is  20  to  40  dB  below  the  level  of  the  incident  field. 

To  gain  further  support  for  the  theoretical  results,  we  con¬ 
ducted  additional  experiments.  These  are  described  in  the  follow¬ 
ing  Sections. 

39  e. -•■•-;- •--**!  e,->#uP  *.«.-.*  w ,< 
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conducted  in .  £E3fa  aneohcic  chsi'ibsr.  The  working  area  of  this 
chamber  is  .8  ft  by  8  ft  by  3.0  ft.  It  is  anethole  akova  &S-0  Ha. 

A  sketch  of  the  tost  apparatus  is  shewn  in-  Fig.  31*  f-  schematic 
of  the  test  setup  end  tft«  Instr-uaar.tdtion  is  shown  in  Fi.a»  32. 

A  pulsed  tons  technique  was  v»ss3  to  measure  Just  the  reflected 
pressure  field  and  not  the  sun  .cf  the  incident  plus  the  reflected 
A  tone  burst  consisting  of  a  number  cf  sine .wavs  cycles 
to  excite  the  electrostatic  speaker.'  .  By'  making  the  dis¬ 
tance.  from  the  scarce  directly  to.  the  receiver,  sig.aifiec.ntly 

less  than  the  sum  cf  the  distances  from  the  source  to  the  re¬ 
flector-  and  the  reflector  to  the  receiver,  R  *  R_,  an  Interval  . 

S  * 

of  time  Will  occur,  after  the  burst  has  .ended,  in  which  only  the  : 
reflec  J?  *nC;  *3  3  VtT'  w  field  will  bo  measured,.  The  tS  uh^Sk  £  S  on  of  this 
interval  is  given  by 


fields, 
was  uae 


Rc.  +  Rr  ‘  Rd 


(122) 


where  T  ia  the  duration  of  the  interval  and1 ce  is  the  speed  of 
sound.  Measurements  of  the  reflected  field  pressure  levels  vare  : 
t  Vi k -■  a  ti  li 5  3  5  irso  S  n  ^ s ** v g; X  *  A  #  0 5, *■?  ^  ^ *. > ^ •. v v:  ^ ^  *.? ■:>.  ^ 

used  to  measure  the  sound  pressure.  The  mici'ophone4’  was  pointed 
directly  at  the  reflector  for  all  measurements . .  The  output  of  2 
the  microphone  was  amplified  by  a  fixed  gain  preamplifier,  atten-  | 
uated  by  a  variable  attenuator,  high  pass  filtered  and  displayed  .  | 

on  an  oscilloscope.  Measurements  were  taken  by  adjusting  the  J 

attenuator  to  give  a  predetermined  level  on  the  oscilloscope.  | 

The  microphone  signal  was  filtered  to  alleviate  the  low- frequency  ! 
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A  third  expert  sent  :*©».  esa&sst&S  in  which  the  receiving  ssi- 
;  crophosa  :t?£s  ylocatad  -at  one  position  corresponding .  to  specular 
:-rei^estien;~'  llp  *  3$  In.,  .0  «  3Ga  and  $  *  ISO*  —  for  a  nuaher. 

cf  different  frequencies.  ,2he  Esaararesent  technique  for  this  ex- 
perdseat  was  like  that  used  for  the  first  two'  series  of  experi¬ 
ments.-:  The  B&asured  sound  pressure  levels  are  shown  in  Pig.  37. 
Por  ccsparison  the  numerical  e validation  of  the  FRS  approximate 
formulation  is  also  shown.  The  agreement  between  theory  and  ex¬ 
periment  is  again  excellent.  . 

The  fourth  series  of  experiments  was  conducted  to  investigate 
the  effect  of  reflector  response  on  the  reflected  sound  field. 

The  first  three  series  of  experiments  were  conducted  with  a 
1/16-in.  aluminum  panel.  Agreement  between  the  results  of  these 
experiments  and  the  theoretical  predictions  for  a  rigid  panel  in¬ 
dicated  .that  the  response  cf  the  1/lS-in.  panel  had  no  effect. 

'.To  further  support  the  predicted  result  that  the  response  of  a 
panel,  which  is  not  paper  thin,  has  no  effect  on  the  reflected 
field,  we  conducted  using  a  0.021-in.  thick  panel. 

The  parameters  for  this  series  of  experiments  are  given  in  Table  I. 
The  results  are  shown  in  Figs.  33  and  39.  These  results  show 
that  the  response  of  the  two  panels  used,  1/16-in.  and  0.021-in. 
thick,  had  no  observed  effect  on  the  reflected  field. 

tfe  conclude  from  the  above  experiments  that  the  approximate 
forimilations  for  the  reflected  field  serve  as  a  valid  base  on 
which  to  predict  the  performance  of  a  reflector  in  shaping  an 
acoustic  field  in  a  test  chamber. 

Experiments  using  an  incident  random  sound  wave  were  not 
conducted  in  this  phase  of  the  program  because  of  the  difficulty 
in  measuring  the  reflected  field  separately  fro a  the  incident 
field.  The  pulsed  tone  technique  could  not  be  adapted  to  random 
sound  waves  since  the  measurement  interval,  T,  was  not  long 
enough  in  our  experiments  to  allow  accurate  measurement  of  the 
mean-square  pressure  of  a  random  sound  field. 

3.4  Reflection  of  an  Incident  Sawtooth  S&usd  Mave '  ?■ 

The  experiments  described  in  this  Section  were  conducted  to 
investigate  the  reflection  of  an  incident  sawtooth  sound  wave, 
which  represents  an  incident  high  level  sound  wave.  However,  the 
experimental  difficulties  precluded  any  definitive  results.  Be¬ 
cause  of  the  excellent  agreement  between  theory  and  experiisant 
for  the  case  of  an  incident  pure  tone  we  feel  that  the  analytical 
technique  of  expressing  the  sawtooth  wave  as  a  sum  of  pure  tones 
to  calculate  the  reflected  field  for  an  incident  sawtooth  wave  Is 
valid,  even  though  we  have  no  experimental  verification  of  the 
resulting  predictions. 
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FIG.  42 


SOUND  PRESSURE  LEVELS  MEASURED  IN  A  CAVITY  FORKED  BY  A 
REFLECTOR  FOR  45°  ANGLE  OF  INCIDENCE. 
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■:.&$  .high  fpeqtsmsiea  for  eofcssal  $5°.  csg&es  cf  insidsr.es 
•  •  ths  jpafledber  affects  tha'.eocssS  pressure.  levels  on  t&e  structure 
'/but  not  in-' a  'systematic'  way.  Fop 'a  grating  £&gle  of  iaeldsriC-e  .  . 

'  >tfc«  .'high .  ftpejjeassy  results  «&csf  that  the  reflector  has  bo  effect 
.  on 'the  EO&sursd  sound  pressure  level. "  This  result  is  supported 
by  a  geometrical  optica  analysis.  • 

Ksasure-ssnts  of  the  test  structure  response' were  also  mads. 
The  response  acceleration  spestrua  at  the  center  of  each  subpanel 
wa3  measured  for  each  set  of  por-asster  conditions  described  above. 
The  effect  of  the  altered  sound  pressure  levels  cn  the  panel  re¬ 
sponse  measurements  was  negligible,  less  than  ±2  <13.  This  result 
is  s  one  what  surprising  since  the  sound  pressure  levels  were  in¬ 
creased  by  as  much  ss  15  CB  in  the  one-third  octave  band  centered 
.on  8S0  ES.  ¥e  should  note,  however,  that  whan  the  reflector  is 
close  to  the  test  structure  the ’ radiation  impedance  changes  sig¬ 
nificant  iy.  It  is  possthl®  that  this  change*  la  Isp-edanee  acts  to 
keep  the  response  constant.  '." 

tfa  conclude  es  £  result  cf  tfes  «feov©  espsrisressts  that  the 
effects  associated  with  the  formation  of  a  rs-sonsnt  cavity  domi¬ 
nate  these  associated  with  the  shielding  of  t he  structure  frea 
the  Incident  sound  waves.  Eowsver,  this  result  would  not  be 
valid  if  the  bosk  cf  the  reflector  wore  covered  with  an  absorp¬ 
tive  material  which  would  dsinp  the  resonant  behavior  cf  the  cav¬ 
ity.  For  this  case  some  shielding  would  no  doubt  occur.  Although 
the  sound  pressure  levels  can  be  increased  significantly  by  forc¬ 
ing  a  resonant  cavity,  this  technique  is  not  useful  for  shaping 
a  sound  field  sine©  fcfco  response  of  the  structure  decs  not  in¬ 
crease. 
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Sections  II  and  III  of  this  report  have  presented  a  basic 
theoretical  and  experimental  study  of  the  reflection  of  incident 
acoustic  waves  by  a  flat  rectangular  panel.  We  now  come  to  the 
most  important  part  of  the  report  dealing  with  the  actual  use  of 
a  reflector  to  shape  a  sound  field  In  the  test  chamber. 

As  discussed  in  the  Introduction,  a  reflector  can  be  used  in 
three  ways:  to  reflect  incident  sound  waves  onto  the  test  object 
as  shown  in  Fig.  1,  to  reflect  Incident  waves  away  from  the  struc¬ 
ture  as  shown  in  Fig.  2,  and  to  form  a  resonant  cavity  as  shown 
in  Fig.  3.  The  use  of  a  reflector  for  the  latter  two  purposes  is 
discussed  in  Sec.  3.5.  One  conclusion  of  that  Section  is  that 
the  use  of  reflectors  to  form  a  resonant  cavity  is  not  a  valid 
technique'  for  shaping  a  sound  field  since  the  close  proximity  of 
the  reflector  inhibits  the  response  of  the  test  structure.  A 
second  conclusion  is  that  use  of  a  reflector  to  "shield”  the  test 
object  from  the  incident  sound  waves  also  results  in  the  formation 
of  a  resonant  cavity.  The  reverberant  buildup  in  the  cavity  ex¬ 
ceeds  the  effect.:  due  to  shielding  so  that  the  sound  pressure 
levels  on  the  test  structure  either  stay  the  same  or  increase.  A 
reduction  in  the  sound  pressure  levels  acting  on  the  test  struc¬ 
ture  -'was  not  observed  for  any  value  of  reflector  to  structure 
spacing.  For  large  spacing  diffraction  of  the  sound  waves  around 
the  reflector  eliminated  any  shielding  effect.  For  small  spacing 
the  reverberant  buildup  eliminated  any  shielding  effect.  A  pos¬ 
sible  technique  for  using  a  reflector  as  a  shield  would  be  to 
cover  the  back  of  the  reflector  with  acoustically  absorptive  ma¬ 
terial.  Then,  the  reverberant  buildup  would  be  well  damped  and 
a  shielding  effect  possible.  Use  of  reflectors  in  this  way  repre¬ 
sents  an  area  of  great  promise.  The  test  technique  would  be  to 
bring  the  reverberant  field  of  the  test  chamber  to  the  highest 
sound  pressure  level  needed.  Then  by  placing  reflectors  of  an 
appropriate  size  over  the  test  structure,  the  sound  pressure' level 
could  be  reduced  in  selected  areas  to  achieve  the  correct  distri¬ 
bution  of  sound  pressure  level.  However,  the  effect  of  the  re¬ 
flector  and  Its  absorptive  backing  on  the  response  characteristics 
of  the  structure  must  not  be  ignored.  Wo  have  not  pursued  the 
use  of  reflectors  as  shields  beyond  the  work  presented  in  fee.  3.5 


The  use  of  a  reflector  to  reflect  sound  waves  onto  a  test 
structure  in  order  to  increase  the  sound  pressure  levels  on  the 
structure  is  of  limited  practical  value.  In  a  reverberant  diffuse 
field  sound  waves  are  incident  from  all  directions.  Thus,  a  re¬ 
flector  diverts  as  much  sound  away  from  the  structure  as  toward 
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it  and  no  increase  in  the  sound  pressure  level  on  the  structure 
is  possible.  Flat  reflectors  ere  of  no  use  in  a  diffuse  field. 

In  the  near  field  of  the  sound  source  or  sources  the  sound 
pressure  levels  are  higher  than' in  the  reverberant  field  and  re¬ 
sult  predominantly  from  sound  waves  travelling  away  from  the 
source. 

Typically,  the  sound  pressure  levels  are  highest  directly  In 
front  of  the  source.  A  typical  contour  of  equal  sound  pressure 
level  near  a  directive  source  is  shown  in  Fig.  4.  At  low  fre¬ 
quencies  the  pattern  becomes  more  nondirective,  while  at  high 
frequencies  the  opposite  happens.  By  placing  a  reflector  In  the 
near  field  of  a  source,  the  sound  waves  coming  directly  from  the 
source  can  be  deflected  onto,  the  test  structure  to  Increase  the 
sound  pressure  levels.  However,  an  inherent  limitation  exists 
for  a  flat  reflector.  The  sound  pressure  level  In  the  reflected 
field  cannot  be  larger  than  the  level  of  the  incident  field  a 
distance  R  ♦  R  from  the  source,  where  R_  is  the  distance  from 

the  source  to  the  center  of  the  reflector  and  R„  is  the  distance 

from  the  receiving  point  to  the  center  of  the  reflector.  In 
other  words,  aflat  reflector  cannot  extend  the  near  field  but 
only  redirect  the  main  lobe  in  the  directivity  pattern,  as  shown 
in  Fig.  4.  Thus,  the  use  of  a  reflector  to  redirect  sound  naves 
onto  the  test  structure  in  order  to  increase  the  sound  pressure 
level  is  limited  to  cases  in  which  both  the  reflector  and  the 
test  structure  are  within  the  maximum  extent  of  the  near  field , 
i.e.,  the  extent  of  the  near  field  directly  in  front  of  the 
source. 

4.1  Extent  of  the  Rear  Field 

The  extent  of  the  near  field  in  a  sonic -test  chamber  depends 
upon  whether  and  how  much  anechoic  treatment  is  used  to  cover  the 
walls,  ceiling  and  floor  of  the  chamber.  In  a  fully  reverberant 
condition,  the  near  field  sound  pressure  levels  will  exceed  the 
reverberant  field  pressure  levels  only  in  a  very  small  region 
near  the  sources.  This  region  will  be  so  small  that  it  can  be 
generally  stated*  that  reflectors  will  not  be  useful  in  a  fully 
reverberant  acoustic  te3t  chamber. 

When  the  absorption  in  the  chamber  is  increased  by  the  use 
of  anechoic  treatment,  the  region  in  which  the  near  field  sound 
pressure  levels  exceed  the  reverberant  field  sound  pressure 
levels  becomes  larger.  The  sound  pressure  level  measured  in 
front  of  a  sound  source  in  a  reverberant  chamber  is  given  by  [I?] 


spl  •  pwl  ♦  10  log,  J  — 9—  ♦  ~ 

where  SPL  is  the  sound  pressure  level  in  dB  re  0.0002  ybar,  P1£L 
is  the  source  power  level  in  dB  re  lO"1*  watts,  Q  is  the  direc¬ 
tivity  factor,  Rj  is  the  distance  froa  the  source  to  the  receiv¬ 
ing  point,  and  R^  is  the  rooa  constant  in  sq  ft.  The  directivity 

factor,  Q,  is  defined  so  that  it  equals  one  for  a  nondirective 
point  source.  The  tera  Q/%wR£  represents  the  contribution  to  the 

sound  pressure  level  froa  sound  waves  coming  directly  froa  the 
source.  The  tera  %/R^  represents  the  contribution  from  the  re¬ 
verberant  sound  waves.  It  follows  that  the  direct  sound  pressure 
level  is  larger  than  the  reverberant  sound  pressure  level  for 
distances  which  satisfy  the  condition 


(123) 


(12%) 


where  we  have  taken  the  receiver  to  be  directly  in  front  of  the 
source. 

As  an  example,  the  preceding  discussion  is  applied  to  the 
large  acoustic  test  chamber  of  the  AFFDL  Sonic  Fatigue  Facility. 
While  the  directivity  function  of  the  sound  sources  is  not  known 
accurately,  it  is  estimated  to  rise  smoothly  from  2  at  250  Hz  to 
8  at  2 000  Hz.  This  estimate  should  be  checked  by  experimental 
measurement.  The  room  constant,  RT,  is  given  by 

Ry  •  «3  ■  2oF~  (125* 


where  a  Is  the  average  absorption  coefficient,  S  is  the  surface 

area  of  the  chamber  walls,  V  la  the  chamber  volume,  and  T_„  the 

rev 

reverberation  time  in  seconds.  The  surface  area  of  the  test 
chamber  walls  is  17,%l6  ft*.  The  volume  13  155»000  ft*.  The  re¬ 
verberation  time  in  the  chamber  with  the  anecholc  curtains  down 
can  be  approximated  by  a  constant  value  ol*  1/2  see  in  the  fre¬ 
quency  range  250  Hz  to  2000  Hz.  The  rooii  constant  in  this  fre¬ 
quency  range  is  calculated  to  be  15,500  ft*.  Using  these  values 
in  Eq.  12%  we  find  that  the  near  field  extends  up  to  20  ft  from 
the  sources  at  250  Hz  and  up  to  %0  ft  from  the  sources  at  2000  Hz. 
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Both  the  reflector*  and  the  test  structure  must  be  within  these 
distances  from  the  source  to  octal n  any  practical  benefit  froa 
the  use  of  reflectors. 

To  obtain  a  10-d3  increase  in  the  sound  pressure  level  on 
the  t^st  structure  the  limitations  on  the  locations  of  the  re¬ 
flector  and  the  test  structure  are  core  United.  First,  the  sun 
of  the  distances  froa  the  source  to  the  reflector  and  from  the 
reflector  to  the  test  object  must  satisfy  the  condition 

(rewf  •  <**> 

For  tne  AFFDL  Sonic  Fatigue  Facility  with  the  curtains  down  this 

condition  will  be  net  if  the  sun  of  the  distances  is  less  than 

6-1/2  ft  at  250  Hz  to  13  ft  at  2000  Hz  with  a  smooth  transition 

for  intermediate  frequencies.  A  second  condition  is  that  the 

sound  pressure  level  on  the  test  structure  before  the  reflector 

is  put  in  place  is  at  least  10  d3  less  than  the  sound  pressure 

level  a  distance  R  ♦  R.  frcn  the  source.  These  two  conditions 

s  a 

cannot  be  cot  simultaneously  unless  the  source  directivity  is 
high.  We  conclude  that  the  potential  use  of  reflectors  in  the 
AFFDL  Sonic  Fatigue  Facility  is  very  limited.  However,  the  use  of 
reflectors  in  a  more*  anechoic  space  cay  be  worth  considering 
since  the  near  field  in  such  a  space  will  extend  much  further 
froa  the  sources. 

4.2  Performance  of  a  Flat  Rectangular  Reflector 

To  effectively  use  a  reflector  to  direct  sound  waves  toward 
a  structure  we  need  a  practically  useful  estimate  of  the  maximum 
sound  pressure  level  in  the  reflected  field  end  the  area  over 
which  the  sound  pressure  level  in  the  reflected  field  is  large. 
Estimates  of  these  quantities  can  be  obtained  from  the  theoreti¬ 
cal  work  presented  in  Sec.  II  of  this  report. 

4.2.1  Far  field 

The  maximum  sound  pressure  level  in  the  reflected  far  field 
occurs  at  locations  of  specular  reflection,  •  6_  and  4_  •  f, 

♦  180*,  where  the  angles  4  and  4  are  angles  in  a  spherical  co¬ 
ordinate  system  with  its  origin  at  the  center  of  the  reflector. 

The  reflected  sound  pressure  level  at  specular  angles  of  reflec¬ 
tion  is  given  by 
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at  specula?  reflection  in  the  far  field 


(127) 


where  SPL„.  i3  the  S?L  of  the  reflected  field  at  locations  of  spec-! 

ular  reflection  a  distance  R' frost  the  reflector,  S?L,  is.  the  SPL  .2 

r  i  t 

of  the  incident  sound  waves  at  the  location  of  the  reflector  be-  j 

fore  it  is  put  in  place,  f  is  the  frequency  of  the  incident  wave  * 

(band-center  frequency  for  incident  noise),  A  is  the  area  of  the  | 

reflector,  0  is  the  angle  of  incidence  and  c%  is  the  speed  of  j 

sound.  The  requirement  for  the  far  field  is  that  ] 


fA 
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so  that 


SPLr  «  SPLj  In  the  far  field  . 


(12 9)  ! 
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The  area  in  the  far  field  over  which  the  reflected  SPL  is  large 
can  be  obtained  froa  the  expressions  for  reflected  power  presented 

in  Sec.  2.6. 

We  know  that  most  of  the  reflected  power  is  reflected  in  di¬ 
rections  at  or  near  the  direction  of  specular  reflection.  This 
observation  is  particularly  time  for  the. total  reflected  power 
predicted  by  the  SRS  approximate  formulation.  We  will  approximate 
the  intensity  in  the  reflected  field  to  be  equal  to  the  eaxinua 
intensity  over  an  area  centered  on  a  point  corresponding  to  spec¬ 
ular  reflection  and  sero  otherwise..  The  also  of  the  area  is 
selected  so  that  the  total  reflected  power  agrees  with  the  total 
reflected  power  given  by  the  SRS  approximate  formulation. 

4.2.2  Star  field 

In  ciany  cases  the  effective  use  of  a  reflector  will  require 
that  tha  test  object  be  placed  in  the  reflected  Roar  field.  The 
sound  pressure  levels  In  the  near  field  era  much  higher  than  in 
the  far  field  end  era  comparable  to  the  SPL  of  the  incident  sound 
waves.  Unfortunately,  it  is  impossible  to . present  completely 
general  results  for  the  near  field.  We  have  selected  tv?o  particu¬ 
lar  cases  of  practical  importances  first,  the  esse  of  an  inci¬ 
dent  plane  wave  with  an  angle  of  incidence  of  second,  the 
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ease  cf  a  point  source  located  a  distance  21#  along  a  line  45°  froa 
a. line  normal  to.  the  reflected,  whers  L  is  the  length  of  one  side 
of  &  square  reflector.  The  reflected  field  S?L*s  for  these  two 
cases  have  teen  obtained  by  computer  ©valuation .  of:  .the  SBS  approx¬ 
imate.  Correlation.  -She  results  of  these  calculations  are  presented 
in  .Figs.,  44  through  48.  ...  -  v  . 

Figures  44  through  43  can  be  used  as  practical  design  charts. 
Each  figure  presents  results  for  a  different  value  of  kL/2,  where 
k  is  the  acoustic  wavenumber,  k  »  2t?f/c8.  The  correspondence  be-  * 
tween  the  parameter  kL/2  and  the  frequency  f  for  a  4 -ft -square 
reflector  is  .  '  -  .v 


H/2 

f 

1.375 

125  Hz 

2.75 

250 

5.5 

500 

11 

1000 

22 

2000 

To  determine  the  reflection  of  a  band  of  random  noise  the  band- 
center  frequency  should  be  used  to  calculate  the  value  of  kL/2. 

In  each  of  the  Figs.  44  through  48,  the  SPL’s  along  five  lines 
parallel  to  a  line  from  the  center  of  the  reflector  to  the  source 
are  shown.  Tho  distance  of  cash  of  the  five  lines  froa  the  line 
connecting  the  source  and  reflector  center  point  is  given  by  the 
y-coordinate.  Values  of  y  «  0.51#,  l.CL,  1.5L, 2.0L,  and  2.5L 
have  been  selected  for  the  presentation.  The  SPL*s  at  intermedi¬ 
ate  values  of  y  can  fee  found  fey  interpolation.  .  Distance -along 
each  of  the  five  lines  is  measured  by  the  coordinate  x.  The 
SPL’fl  for  each  of  the  selected  values  of  y  ere  plotted  as  a  con¬ 
tinuous  function  of  x.  For  each  value  cf  y  and  x  the  SFL  rela¬ 
tive  to  the  S?L  of  the  incident  field  is  given  by  the  distance 
froa  the  point  prescribed  by  the  values  of  s  and  y  end  the  heavy 
solid  or  dashed  curve.  For  exss^sle,  the  &Ph  at  j  «  1.5L,  x  •  x. 
in  Fig.  44  is  -12  <23.  The  STL  at  y  «  0.5L  and  x  »  xt  is  -5  d3. 

.  An  Important  observation  on  the  results ' presented . in  Figs. 

44  through  48  is  that  the  reflected  SPL  from  -ea  incident  plane 
wave  is  approximately  equal  to  the  reflected  SPL  for  a. point 
source  a  distance  2L  froa  the  reflector.  Thus,  as  a  practical 
natter  distances  from  the  source  to  the  reflector  greater  than  2L 
do  not  rule  out  the  use  of  those  figures  as  design  charts.  A 
second  point  which  should  fee  mentioned  is  that  the  SF&'a  plotted 
are  only  due  to  the  reflected  sound  field.  The  total  sound 
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pressure  at  &  point  will  be  the  stra  of  the  Incident  and  reflected 
sound  pressures.  Again,  as  a  practical  natter  neglect  of  the  in¬ 
cident  field  SPL  does 'not  Unit  the  use  of  these  figures,  since 
bo  are  only  interested  in  the  £?L*s  at  locations  Khar®  the  inci¬ 
dent  sound  pressures  are  quite  low. 

To  complete  our  discussion  we  will  illustrate  the  use  of 
Figs.  44  through  43  as  design  charts.  Assume  that  the  SPL  at 
a  particular  point  on  a  test  structure  In  the  octave  band  centered 
on  1030  Hz  Is  135  dB.  We  wish  to  Increase  the  SPL  at  this  point 
to  145  dB.  First,  we  Bust  determine  whether  or  not  the  point  in 
question  is  in  the  direct  or  reverberant  field  of  the  test  cham¬ 
ber.  Only  if  the  point  is  In  the  direct  field  will  a  reflector 
be  of  practical  use.  Assessing  for  the  value  of  this  example  that 
the  point  is  in  the  near  field,  we  must  nest  define  the  region  in 
which  the  froe-fleld  SPL  exceeds  the  desired  level  of  143  d3. 

Since  a  flat  reflector  cannot  amplify  the  SPL,  it  seat  be  placed 
within  this  region  in  order  that  the  reflected  field  equal  145  <23 
on  the  test  object.  For  this  example  let  us  ossuse  that  the  SPL 
at  a  point  8  ft  froa  the  test  object  is  145  dB.  By  placing  a 
4 -ft -square  reflector  at  this  point  and  orienting  it  so  as  to 
shine  sound  onto  the  test  object  we  can  increase  the  SPL.  The 
exact  amount  of  the  increase  depends  on  the  angle  of  incidence 
of  the  sound  waves  emanating  froa  the  source  on  the  reflector, 
the  distance  between  the  source  and  the  reflector  and  the  orien¬ 
tation  of  test  object  relative  to  the  reflector.  For  design 
purposes  we  can  use  an  epprosirato  estimate  of  the  SPL  increase. 
This  approximate  estimate  can  be  found  froa  Fig.  47  even  though 
the  angle  of  Incidence  is  not  45*  and  the  distance  from  source  to 
reflector  is  not  equal  to  the  two  values  for  which  results  ere 
presented.  At  a  distance  8  ft  froa  a  4-ft  reflector  (y  »  £L, 
x  ■  0)  for  kL/2  •11,  the  SPL  is  1  £3  below  the  level  of  the 
incident  field.  Thus,  at  the  particular  point  on  the  test  object 
which  we  are  considering,  the  SPL  due  to  the  reflected  field  will 
equal- 144  dB  -  a  value  sufficiently  close  to  the  desired  objective. 

The  parameters,  selected  for  tfc®  above  ex&sple  were  such  that 
a  reflector  could  be  used  to  accomplish  the  desired  objective. 

The  reader  should  be  warned  that  this  may  not  always  be  the  case. 
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